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HIGH ALTITUDE
HVAC DESIGN CONSIDERATIONS

• Goals

�Overview

�A Few Examples

�Thought Process

�Why

�(In the words of...) 
Understand, rather 
than......

• NOT

�Cookbook

�Substitute for 

engineering
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Altitude Effects

• Baseball

�Home run distance

�Curve ball

• Basketball

�Doug Moe Era

• Football

�Field goal distance

• Similarities???

�Relation to air 
density

�Gravity???

�Function of oxygen 
content

�Heat Rejection

�Sensible?

�Latent?
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Mitigating Factors

• Equipment 
counteracts using:

�Temperature

�Pressure

�Humidity

�Heat transfer

�Equipment design 

basis
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Altitude Dependent System/
Equipment Examples

• Airflow calculations

• Fans, ductwork 
(sizing, pressure)

• Air-cooled 
equipment

�Condensers, chillers

�Motors, electrical 
and electronic 
equipment

• Combustion 
equipment

�Boilers, furnaces, 
generators, engines, 

gas absorption

• Pumps

• Evaporative coolers, 
Cooling towers

• Balancing, VAV box
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Airflow Calculations 
– (Sensible Only)

• cfm = (Btu / hr) / (CP * p * 60 * DT)

• Let  CP * p * 60 = FCFM = “CFM 
transfer factor” 

• cfm = (Btu / hr) / (FCFM * DT)
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Airflow Calculations 
– (Sensible Only)

OR

• cfm * FCFM * DT = Btu / hr

• Look up FCFM in tables (handout, 1st page)

THEN

• Check on Psych Chart
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Airflow Calculations (page 2)

• Example - sea level

�10,000 Btuh, 20F DT

�cfm = (Btu / hr) / (FCFM * DT)

�cfm = 10,000 Btuh / (1.08 * 20) = 463
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Airflow Calculations (page 3)

• Example - 5,200 ft. elevation

�10,000 Btuh, 20F DT

�cfm = (Btu / hr) / (FCFM * DT)

�cfm = 10,000 Btuh / (0.891 * 20) = 561

�Note, for simplicity, many applications are 
close enough using 0.9 in lieu of o.891
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Standard and Actual Air

• Standard air, SCFM, 
is at sea level and 
70°F

• Actual air, ACFM, is 
at actual conditions

• To convert, correct 
for density change 
due to both altitude 
and temperature

• For altitude:  SCFM 
= ACFM * (density 
ratio)

• Example, 1000 CFM 
at 5,200 ft. elevation 
(equiv. mass):

�825 SCFM = 1,000 
ACFM * 0.825
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Fan and Duct System Pressure Drop 
Calculations (Example)

• Separate items using sea level data 

from items using altitude data (e.g. 

duct friction)

• Example (5,200 ft. elevation, 10,000 

CFM)
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Sea level DP   Alt. DP

“ w.c.           “ w.c.

Cooling coil (computer sel.)                                 0.6

Heating coil (computer sel.)                                 0.2

Ductwork (ductilator)                       1.5

Fittings (ASHRAE tables)                2.0

Other (diffuser, louvers, dampers)  1.5                         
. 

Total                                             5.0                0.8
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Example (5,200 ft. elevation, 10,000 
CFM) (page 2)

• (example continued)
�Correct sea level items: 5.0 * 0.825 = 

4.125
�Total = 4.125 + 0.8 = 4.925 at alt.
�At sea level = 4.925/.825 = 6”

• Fan selection

• Use computer selection at altitude, 
OR
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Example (5,200 ft. elevation, 10,000 
CFM) (page 3)

• Select from sea level tables or graphs:
�RPM is the same at higher altitude (e.g. 

1200 RPM)
�CFM is the same at higher altitude (e.g. 

10,000 CFM)
�Correct brake horsepower by density ratio, 

for example 10 HP from sea level chart 
becomes 10 * 0.825 = 8.25 at 5,200 ft. 
altitude

• (More on pg. 7 of handout)

High Altitude HVAC Design

RM ASHRAE – 2017 Tech Conf

April 28, 2017 ©

Michael D. Haughey, P.E., CEM, HBDP, LEED AP



10

19

Reference

page 7

Altitude

Correction

factors

Temperature

Correction

factors
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Fan and Duct System Calculations (page 

3)

• The selection is thus 10,000 CFM, 

1200 RPM, 4.9” s.p., AT 5200 FT. 

ALTITUDE – or

• 10,000 CFM, 1200 RPM, 6.0” s.p., 

AT SEA LEVEL

• Remember, derate the motor due to 

less motor cooling at higher altitude 

and add appropriate safety factors
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Measurements or Data Logging
What needs correction?
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Desiccant Dehumidification

• Function of mass 
transfer & heat 
transfer, plus …

• Air is less dense at 
altitude

�Less 

dehumidification 
capacity

• Use manufacturer’s 
data if avail & if trust

• Otherwise, approx.: 
try derate of latent 
capacity by density 
ratio

�Plot on psych chart 
using same CFM to 

determine dew point, 

etc.
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Desiccant Dehumidification

• Verify if data 
includes reheat

• Example

• Sea Level data 
plotted on  Alt chart

�164 MBH latent

�231 MBH total

• 5400 ft Air density 
ratio: 0.819

• Mfg run at alt plotted 
on psych chart

�124 MBH latent

�256 MBH total

• Note: SL data from 
Lit includes internal 
reheat.  Mfg run 
above does not.

• Ratio, Latent: 0.756
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Condensers, Air-cooled Chillers

• Packaged equipment:

�Lower air density = less heat rejection 
= higher temperatures = more heat 
rejection

�Therefore, counteracting forces.  Net 
capacity reduction is typically less than 
air density ratio
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Packaged equipment (page 2)

�Function of specific equipment design, 
refrigerant pressures, operating conditions, 
etc.  Use manufacturer published 
corrections for altitude or call the 
manufacturer.

�Note in one Mfg’s literature that correction 
factors for 5000 ft. elevation for air cooled 
condensers is 0.90 and for air cooled 
chillers is 0.97 for SPECIFIC series of 
equipment.
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Air-cooled Chillers (page 1)

• Note Mfg A, Model B 
chiller data lists an 
0.97 capacity 
correction factor for 
6000 ft. altitude.

• Get the data for your 
specific application 
and selection if you 
need the accuracy.
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Air-cooled Chillers (page 2)

• Mfg C, Model D 
literature lists 
capacity correction 
factors which 
combine fouling 
factor, chilled water 
DT, and altitude, 

• and varies from 
0.871 to 0.96 for 
6000 ft. altitude.  
The correction from 
the standard 
condition (sea level, 
10F DT, 0.00025 
fouling factor, is 
0.94.
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Air-cooled Electric Motors

• Limited by allowable temperature

• Higher altitude = less air = less 

cooling = lower rated capacity

• Standard motors rated at 1,000 

meters (3,300 ft.) altitude

• Again, manufacturer's design details 

are a factor.  When critical, get data 

from the selected manufacturer.
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Reference

page 39

Motor

Rating

limits
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Air-cooled Electric Motors (page 2)

• ANSI / NEMA 
Standard MG-1

�Motors rated at 40C 

which are intended 

for use above 1000 

meters should have 
the allowable 
temperature rise 
reduced in 
accordance with 
mfg’s formula

• Mfg E listed a correction 

factor for their Model F 

induction motor of 0.94 

at altitudes from 5,001 

ft. to 6,600 ft.
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Page 36
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Correction
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Combustion Equipment

• Gravity, packaged 
equipment, AGA:  
de-rate by 4% / 
1,000 ft. (volume of 
combustion air & 
flue gas increases 
about 4%/1,000 ft.)

�Typically de-rate 

when above 2,000 ft. 
elevation

�Often reduce gas 

orifice size to match 
gas input to altitude 
air

�Some boiler 
manufacturers have 

condensing boilers 
with “lower altitude 

derates”.
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Combustion Equipment (page 2)

• Design Options

�Decrease gas 

manifold pressure

� Increase gas orifice 

pressure loss 

(smaller orifices)

� Increase airflow 
(mass flow) with 
power burner fan, 
forced draft fan, or 
induced draft fan
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Combustion Equipment (page 3)

• Gas Heat Content
�Reduces according 

to the air density 
ratio

�Typically 1,000 BTU 
per Cu. Ft. at sea 
level, 830 BTU per 
Cu. Ft. at 5,000 ft. 
altitude, etc.

• Some utilities vary 
the heat content, 
therefore call the 
utility for the specific 
location.  Some 
increase the heat 
content to achieve 
1,000 BTU per Cu. 
Ft. at 5,000 ft. 
altitude.
(see “Boiler House Journal”, near end of handout)
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Hugo, CO vs.  Denver

• Altitude 5046

• Btu content: 780

• SG: 0.65

• Peoples Gas 
Company

• 5280

• 831

• 0.67

• Excel Energy
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Las Animas, CO vs.  Denver

• Altitude:  3901

• Btu content: 735

• SG: 0.62

• Citizen’s Utility 
Company

�Internet search – not 

found

�Black Hills Energy?

• 5280

• 831

• 0.67

• Excel Energy
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Combustion Equipment (page 4)

• Flue Design
�Available draft 

decreases 
substantially at 
higher altitudes

�Follow the 
manufacturer’s 
procedures or 
ASHRAE 
procedures, which 
account for altitude 
barometric pressure
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Pumps

• Three concerns:

�NPSH

�Cavitation

�Motor cooling / rating

• All are air density 
related

�Use the standard 

formulas with actual 
barometric pressure 
data

• NPSH:  less 
barometric pressure 
on open systems, 6 
ft. less at 5000 ft. 
altitude

• Cavitation: less 
barometric pressure 
on open systems
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Reference

Page 41
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Formula
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Available NPSH
Hsv = Hp + Hz – Hf - Hvp
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Impellor

Centerline

Hf = friction

Hp
Hz

Hvp
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Example – Cooling Tower
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Impellor

Centerline

Hf = 4’

Hp = Atmos
Hz = 4’

Hvp = 0.837

70F

Pump

500 GPM
NPSH:  31.5’
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Hsv = Hp + Hz – Hf - Hvp

• Sea Level

�Hsv = 34’ + 4’ – 4’ – 1’ = 33’

�OK

• 5000 ft

�Hsv = 28’ + 4’ – 4’ – 1’ = 27’

�Will cavitate
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Another NPSH Formula

• For your homework
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Reference

page 47

NPSH

Formula

High Altitude HVAC Design

RM ASHRAE – 2017 Tech Conf

April 28, 2017 ©

Michael D. Haughey, P.E., CEM, HBDP, LEED AP

58
High Altitude HVAC Design

RM ASHRAE – 2017 Tech Conf

April 28, 2017 ©

Michael D. Haughey, P.E., CEM, HBDP, LEED AP



30

59

Evaporative Coolers

• Significant 
Parameters

�Mass Velocity

�Air Density

�Heat Transfer 

Coefficient, 
turbulence at 
boundary layer

�Water Vapor 
Pressure

• Density and heat 
transfer coefficient 
and vapor pressure 
effects are 
compensating

�Data hard to find, 
typically not derated 
for altitude

�Accurate selections 
typically not needed
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Reference

Page 73

“Humidification

Effectiveness

Formula
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Cooling Towers

• Some controversy before computer 

selections

�Don’t derate but increase fan motor HP

�Don’t derate

�Don’t derate and reduce fan motor HP

�Add capacity at higher altitude

High Altitude HVAC Design

RM ASHRAE – 2017 Tech Conf

April 28, 2017 ©

Michael D. Haughey, P.E., CEM, HBDP, LEED AP



32

63

Cooling Towers

• For some (or most typical, higher WB) 

operating conditions, increased water 

partial pressure at higher altitudes may 

have a greater effect in increasing 

capacity than reduced density does in 

reducing capacity

• Cold air operation – economizers: less 

capacity.
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Cooling Towers

• Data hard to find, normally included in 

selection software

• Some info at CTI.org/tech_papers
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Page 74

One

Method
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Cooling Towers (page 2)

• Increased capacity 
factor due to 
increased enthalpy 
at higher altitudes is 
more pronounced at 
higher entering wet-
bulb temperature.  

• Per one 
manufacturer’s 
representative, 1/2% 
per 1000 ft. for 65F 
EWB and 1.25%  
per 1000 ft. for 78°F 
EWB.
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Cooling Towers (page 3)

• What about much 
lower EWB, such as 
hydronic 
economizer 
applications???

• Lower density 

overpowers the added 
capacity from increased 
vapor pressure at 

higher altitude
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Summary

• Use Mfg data where 
available, BUT 
check it to be sure 
reasonable

• Consider 

�density

�Heat transfer

�Motor cooling

�Vapor pressure

�Mass flow

• Be aware of 
counteracting 
factors

• Use altitude psych 
charts

• Be sure of the 
altitude for data

• Use absolute 
barometric pres.
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Questions?
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Return to Search Results

Content Type: Q&A

Question:

Do you have any information or design guides that deal with derating cooling tower performance and/or efficiency because of high 

altitude operation?

Answer:

I submitted your question to Rich Harrison, Chairman of the Performance and Technology Committee of the Cooling Technology 

Institute (CTI).  Here is his very excellent response...

CTI has published several papers over the years on the effect of altitude on cooling towers. If you 

look on the CTI website under the Bibliography of Bibliography of Bibliography of Bibliography of Technical PapersTechnical PapersTechnical PapersTechnical Papers, you will see the following three 

listed under Thermal Performance (copies can be purchased through CTI at $10.00 plus postage and 

handling): 

■ TP62-04 Effect of Altitude on Cooling Tower Rating and Performance by Thomas H. Hamilton

■ TP82-13 Effect of Altitude on Cooling Tower Design and Testing by George E. McGee

■ TP83-09 Use of CTI Blue Book at Altitude by Robert Fulkerson

Basically there are three effects of altitude: 

1. The energy-holding content in air at higher altitude is greater than at sea level per pound of dry 

air. For example, a 78 deg F saturated air (78 Wet Bulb and 78 Dry Bulb) at sea level has 41.586 

BTU/lb dry air vs 46.374 BTU/lb dry air at 5000 ft altitude, or +11.5%. This means that the same 

cooling tower could cool a greater amount of water at altitude at the same temperature conditions 

PER POUND OF DRY AIR. For example, for the conditions of 95 Inlet Temp to 85 Outlet Temp at 78 Wet 

Bulb, a counterflow cooling tower with 4 ft of 0.75 inch cross-fluted fill material, the 

equilibrium Liquid-to-Gas ratio at sea level would be about 1.588, or it will cool 1.588 lbs of 

water per lb of dry air. At 5000 ft altitude this L/G ratio would increase to 1.873 lb water per 

lb dry air, a 17.9% increase.

2. The air is less dense at higher altitude and therefore it takes more cubic feet of air per lb of 

dry air. The same 78 deg F saturated air at sea level takes 14.010 ft^3/lb dry air vs 16.953 

ft^3/lb dry air at 5000 ft altitude, or +21.0%. In a similar manner the density is reduced from 

0.0729 lb mixture/ft^3 to 0.0605 lb mixture/ft^3, or 17% less, thereby reducing the air pressure 

drop (and fan horsepower) through the tower FOR THE SAME AIR FLOW VOLUME.

3. The electric fan motors have reduced cooling capability at higher altitudes due to the less dense 

air. This means that at very high altitudes, you may not be able to load the motor to the full 

nameplate load and full motor temperature rise. However, a compensating factor is that at 

altitude, the ambient temperature is normally less than at sea level. Large field erected cooling 

tower customers may limit the fan motor power to 90% for longevity of the motor, so the reduced 

motor capability may not be an issue.

Now, what is the bottom line of combining these three factors? The first factor is positive and the 

second factor is negative on performance. The overall effect is positive and generally small, 3-8% at 

5000 ft altitude, but will depend on the actual temperature conditions. Most factory-assembled cooling 

tower manufacturers do not take advantage of this correction for altitudes below about 3000 feet. 

Field-erected towers are built to order and will normally take full advantage of the performance gain 

at altitude.

I might also suggest the CTI ToolKit software which is available to $395 for members and $450 

nonmembers which will allow you to generate psychrometric properties at any altitude and 

characteristic curve determination at any altitude. Detailed ordering information is available on the 

CTI website.

Lastly, if your question is prompted by a specific tower, ask the manufacturer for their technical 

information. Alternatively, if your question is prompted by a potential performance problem, request 

an independent third-party test by one of the five CTI Thermal Test Agencies.

ID:  2319
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Effects of Altitude
on psychrometric calculations and fan selections

"Standard Air"

As altitude increases, the average 
barometric pressure drops and air 
density decreases. 

"Standard air" has historically been 
defined by ASHRAE as having a 
density of 0.075 lb/ft3, which 
equates to air density at sea level 
(barometric pressure of 29.92 in. 
Hg). The 2009 ASHRAE Handbook 
of Fundamentals (page 18.13) states 
that this condition is represented by 
either saturated air at 60°F dry bulb 
or dry air at 69°F dry bulb.

Since the performance of heating, 
cooling, and air-moving equipment is 
commonly rated at "standard air" 
conditions, cataloged performance 
data cannot be used directly for 
higher altitude applications. For 
instance, at a barometric pressure of 
24 in. Hg (approximately 6000 ft 
altitude), cataloged data may be off 
by as much as 20 to 40 percent.

While areas above 6000 ft are 
statistically limited, a number of 
states and cities have barometric 
pressures in the range of 29 to 27 in. 

Hg. In this range, cataloged ratings may 
differ from actual conditions by 3 to 20 
percent.

Psychrometric Calculations

The equations used in psychrometric 
calculations remain the same for all 
altitudes. However, some of the factors 
used in these equations are affected by 
altitude.

The sensible heat gain (Qs) equation is 
often displayed as follows:

 Qs = 1.085 × cfm × T

However, the 1.085 in this equation is 
not a constant. Rather, it is the product 
of the density () and specific heat (Cp) 
of the air at "standard air" conditions, 
and the conversion factor of 60 minutes 
per hour.

 Qs = ( × Cp × 60 min/hr) × cfm x T

The specific heat for 69°F dry air at sea 
level is 0.241 Btu/lb°F. Therefore, at 
"standard air" conditions, these 
properties result in the value 1.085.

0.075 lb/ft3 × 0.241 Btu/lb°F × 60 min/hr 
= 1.085

For this EN we're pulling from the 
archives to address a subject that 
still causes confusion within the 
industry and continues to be the 
subject of frequently asked 
questions. This EN investigates the 
effects of altitude on psychrometric 
calculations and fan selections.
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The latent heat gain (QL) equation is 
often displayed as follows:

 QL = 0.69 × cfm × W (gr/lb)

However, the 0.69 in this equation is 
not a constant. Rather, it is the product 
of the density and latent heat of 
vaporization (hvap) of the air at 
"standard air" conditions, and the 
conversion factors of 60 minutes per 
hour and 7000 grains/lb.

QL = (× hvap × 60 min/hr / 7000 gr/lb) 
× cfm × W

The latent heat of vaporization for 69°F 
dry air at sea level is 1076 Btu/lb. 
Therefore, at "standard air" conditions, 
these properties result in the value 
0.69.

(0.075 lb/ft3 × 1076 Btu/lb × 60 min/hr) / 
7000 gr/lb = 0.69

The total heat gain (QT) equation is 
often displayed as follows:

 QT = 4.5 × cfm × h

However, the 4.5 in this equation is not 
a constant. Rather, it is the product of 
the density of the air at "standard air" 
conditions and the conversion factor of 
60 minutes per hour.

QT = ( × 60 min/hr) × cfm × h

For "standard air" density, the result is 
the value 4.5.

0.075 lb/ft3 × 60 min/hr = 4.5

Air at other conditions and other 
altitudes will cause these factors to 
change.

Fans

Fans are considered to be constant-
volume devices. That is, a given fan will 
deliver a specific volumetric flow rate 
(cfm) at a specific fan rotational speed 
(rpm). The mass of air that the fan 
moves at a given speed will vary based 
on the density of the air being moved. 
Air density also changes the static 
pressure that the fan will develop and 
the horsepower needed to drive it.

Fan and air handler manufacturers 
typically catalog fan performance data 
at "standard air" conditions. If the 
airflow requirement for a given 

application is stated at non-standard 
conditions, a density correction must 
be made prior to selecting a fan.

The procedure for selecting a fan at 
actual altitude (or temperatures) is 
outlined in the following steps:

1 Determine the actual air density 
and calculate the air density ratio, 
which is the density at actual 
conditions divided by density at 
standard conditions. Figure 1 
provides a useful chart for 
determining the air density ratio 
based on altitude and air 
temperature.

2 Divide the design static pressure at 
actual conditions by the air density 
ratio determined in Step 1. 

3 Use the actual design airflow (cfm) 
and the static pressure corrected 
for standard conditions (see Step 2) 
to select the fan from the 
performance tables/charts and to 
determine the speed (rpm) and 
horsepower requirement of the fan 
at standard conditions.

4 The fan speed (rpm) is the same at 
both actual and standard 
conditions. 

5 Multiply the input power 
requirement by the air density ratio 
to determine the actual input 
power required. 



Air Temperature, ºF

Figure 1. Air density ratios
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Densityactual

Densitystandard

SPstandard =
SPactual

Air Density Ratio

RPMactual = RPMstandard

Poweractual = Air Density Ratio X Powerstandard
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It is important to note that most 
pressure-loss charts for other 
system components (such as 
ducts, filters, coils, and dampers) 
are also based on standard air 
conditions.

Summary

Although the wide-scale use of 
computer software to select HVAC 
equipment has made the process of 
correcting for altitude simpler, a 
fundamental understanding is still 
important to prevent mistakes and 
troubleshoot problems.

By Trane Applications Engineering. You can find 
this and previous issues of the Engineers 
Newsletter at www.trane.com/
engineersnewsletter. To comment, e-mail us at 
comfort@trane.com.

View the latest on-demand 

courses:

ASHRAE Standard 90.1-2010.  

Energy-Saving Strategies for 

Rooftop VAV Systems.  

ASHRAE Standard 62.1: Ventilation 

Rate Procedure.  

LEED 2009 Modeling and Energy 

Savings.

The courses were developed and are 
offered free of charge to demonstrate 
Trane’s commitment to sustainable 
design. LEED Accredited Professionals 
(APs) and AIA members can participate 
and earn an average of 1.5 Continuing 
Education (CE) hours per program. 

Visit www.trane.com/

continuingeducation to view all 
current courses and details.
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Trane believes the facts and suggestions presented here to be accurate. However, final design and 
application decisions are your responsibility. Trane disclaims any responsibility for actions taken on 
the material presented.

Trane,
A business of Ingersoll Rand

For more information, contact your local Trane 
office or e-mail us at comfort@trane.com

    

New application manuals 

now available

Central Geothermal Design and 

Control.  (SYS-APM009-EN, 
April 2010)

Chilled-Water VAV Systems.  
(SYS-APM008-EN, August 2009)

Chiller System Design and Control.  

(SYS-APM001-EN, May 2009)

Visit www.trane.com/bookstore to 
order and view a complete list of 
resources.

Engineers 
Newsletter
LIVE!

To register,  contact  your 
local  Trane office.

March 2011
Upgrading Existing
Chilled-Water 
Systems

June 2011
High-Performance 
VAV Systems

October 2011
Dedicated 
Outdoor Air Units
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THE BOILER HOUSE JOURNAL 

NATURAL GAS DATA 

            Revised 4/3/06 

  
 We have compiled the following   Utility Company is unable to maintain 
 Natural Gas Data Tables for your use  exact values at the point of delivery. 
 when selecting a gas fired appliance.  We suggest that you contact the utility 
 We obtained the data from the Utility  company to confirm the BTU value of 
 Companies’ engineering and   the gas at your location.  It is also 
 administrative offices.  We must advise  important to find out what the delivery 
 that the BTU values listed are average  pressure will be after the meter. 
 values and are not constant, as the 
 

NATUAL GAS DATA TABLE 

 
 CITY   STATE  ALT.  BTU/CFH SPECIFIC  UTILITY CO. 
        @ALT.  GRAVITY 

 Akron   CO  4662  835  .585  K N Energy 
 Alliance  NE  3959  898  .602  K N Energy 
 Alamosa  CO  7540  733  .60  Excel Energy 
 Antonito  CO  7888  764  .60  Excel Energy 
 Arvada  CO  5337  829  .67  Excel Energy 
 Aspen   CO  7908  770  .640  Kinder Morgan 
 Atwood  CO  3990  919  .65  Excel Energy 
 Ault   CO  7940  -----  -----  Excel Energy 
 Aurora   CO  5342  829  .67  Excel Energy 
 Avon   CO  7430  831  .65  Excel Energy 
 Avondale  CO  7550  854  .67  Excel Energy 
 
 Beaver Creek  CO  8300  806  .65  Excel Energy 
 Bellevue  CO  5120  877  .61  Excel Energy 
 Bergen Park  CO  7791  760  .67  Excel Energy 
 Berthoud  CO  5030  879  .61  Excel Energy 
 Big Horn  CO  8460  743  .67  Excel Energy 
 Black Hawk  CO  8460  754  .67  Excel Energy 
 Boone   CO  4500  854  .67  Excel Energy 
 Boulder  CO  5430  827  .67  Excel Energy 
 Bow Mar  CO  5500  825  .67  Excel Energy 
 Breckenridge  CO  9603  713  .67  Excel Energy 
 Bridge Port  NE  4000  898  .602  K N Energy 
 Brighton  CO  4982  881  .61  Excel Energy 
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 CITY   STATE  ALT.  BTU/CFH SPECIFIC  UTILITY CO. 
        @ALT.  GRAVITY 

 Broomfield  CO  5420  827  .67  Excel Energy 
 Brush   CO  4231  957  .67  Excel Energy 
 Buena Vista  CO  7953  800  .67  Comfort Gas Co. 
 Buffalo  WY  4645  935  .65  Mont Dakota Utility 
 Burlington  CO  4163  870  .65  Peoples Gas Co. 
 Burns   WY  5510  865  .61  Cheyenne Light & Power 
 
 Cameo  CO  4820  877  .65  Excel Energy 
 Campion  CO  5120  877  .61  Excel Energy 
 Canfield  CO  5015  880  .61  Excel Energy 
 Canon City  CO  5332  827  .65  Greeley Gas Co. 
 Capulin  CO  7810  766  .60  Excel Energy 
 Carpenter  WY  5436  867  .61  Cheyenne Light & Power 
 Casper  WY  5123  920  .65  Northern Utility 
 Castle Rock  CO  6202  770  .65  Peoples Gas Co. 
 Center   CO  7645  770  .60  Excel Energy 
 Central City  CO  8496  742  .67  Excel Energy 
 Chadron  NE  3400  920  .602  K N Energy 
 Chappel  NE  3800  905  .602  K N Energy 
 Cherry Hills Village CO  5381  828  .67  Excel Energy 
 Cheyenne  WY  6100  847  .61  Cheyenne Light & Power 
 Cheyenne Wells CO  4296  976  .65  Peoples Gas Co. 
 Clifton   CO  4710  881  .65  Excel Energy 
 Climax   CO  11,320 671  .67  Excel Energy 
 Coal Creek   CO  5600  755  .67  Excel Energy 
 Cody Park  CO  7400  771  .67  Excel Energy 
 Collbran  CO  5987  935  .657  Kinder Morgan 
 Colo. Springs  CO  6012  807  .639  City of Colo. Springs 
 Columbine Valley CO  5280  831  .67  Excel Energy 
 Commerce City CO  5150  835  .67  Excel Energy 
 Conejos  CO  7800  766  .60  Excel Energy 
 Conifer  CO  8270  748  .67  Excel Energy 
 Copper Mountain CO  9680  711  .67  Excel Energy 
 Cortez   CO  6198  861  .611  Greeley Gas Co. 
 Craig   CO  6185  848  .653  Excel Energy 
 Crawford  NE  3600  913  .602  K N Energy 
 Crested Butte CO  8900  729  .609  Excel Energy 
  
 Dacono  CO  5017  960  .65  Assoc. Nat. Gas 
 De Beque  CO  4935  934  .62  Excel Energy 
 Deer Trail  CO  5183  820  .65  East Colo. Utility 
 Del Norte  CO  7874  764  .60  Excel Energy 
 Delta   CO  4961  820  .59-.63 Kinder Morgan 
 Denver  CO  5280  831  .67  Excel Energy 
 Denver Int’l Airport CO  5431  867  .61  Excel Energy 
 Denver N.E.  CO  5280  868  .61  Excel Energy 
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 CITY   STATE  ALT.  BTU/CFH SPECIFIC  UTILITY CO. 
        @ALT.  GRAVITY    
 Dillon   CO  9156  725  .67  Excel Energy 
 Douglas  WY  4815  873  .601  K N Energy 
 Dove Creek  CO  6843  840  .611  Greeley Gas Co. 
 Downieville  CO  8000  755  .67  Excel Energy 
 Dumont  CO  7950  756  .67  Excel Energy 
 Dupont  CO  5110  836  .67  Excel Energy 
 Durango  CO  6512  906  .695  Greeley Gas Co. 
  
 Eads   CO  4213  903  .625  Greeley Gas Co. 
 Eagle   CO  6600  830  .65  Kinder Morgan 
 Eastlake  CO  5270  831  .67  Excel Energy 
 Eaton   CO  4839  929  .656  Greeley Gas Co. 
 Eckley   CO  3894  895  .657  K N Energy 
 Edgewater  CO  5355  829  .67  Excel Energy 
 Eldora   CO  8700  736  .67  Excel Energy 
 Eldorado Springs CO  5750  817  .67  Excel Energy 
 Empire  CO  8601  739  .67  Excel Energy 
 Englewood  CO  5306  830  .67  Excel Energy 
 Erie   CO  5038  879  .61  Excel Energy 
 Estes Park  CO  7522  805  .61  Excel Energy 
 Evergreen  CO  7040  781  .67  Excel Energy 
  
 Federal Heights CO  5535  824  .67  Excel Energy 
 Flagler   CO  4931  840  .65  Peoples Gas Co. 
 Fleming  CO  4240  890  .657  Peoples Gas Co. 
 Fort Carson  CO  6012  807  .639  City of Colo. Springs 
 Florence  CO  5187  832  .65  Greeley Gas Co. 
 Fort Collins  CO  4984  881  .61  Excel Energy 
 Fort Lupton  CO  4914  883  .61  Excel Energy 
 Fort Morgan  CO  4321  1000  .63  Ft. Morgan Gas Co. 
 Fraser   CO  8550  740  .67  Excel Energy 
 Frederick  CO  4982  960  .65  Kinder Morgan 
 Frisco   CO  9097  726  .67  Excel Energy 
 Front Range Airport CO  5450  916  .67  Excel Energy 
 Fruita   CO  4498  887  .65  Excel Energy 
 Fruitvale  CO  4660  882  .65  Excel Energy 
  
 Georgetown  CO  8519  741  .67  Excel Energy 
 Gering   NE  4000  898  .602  K N Energy 
 Gillette  WY  4544  980  .65  Mont. Dakota Utility 
 Glendale  CO  5350  829  .67  Excel Energy 
 Glenrock  WY  5009  866  .601  K N Energy 
 Glenwood Springs CO  5746  804  .650  Kinder Morgan 
 Golden  CO  5675  820  .67  Excel Energy 
 Gordon  NE  3500  839  .585  K N Energy 
 Granby  CO  7935  757  .67  Excel Energy 
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 CITY   STATE  ALT.  BTU/CFH SPECIFIC UTILITY 
        @ALT.  GRAVITY         
 Grand Junction CO  4586  884  .65  Excel Energy 
 Grand Lake  CO  8437  743  .67  Excel Energy 
 Greybull  WY  3788  920  .65  Wyoming Gas Co. 
 Greeley  CO  4663  906  .656  Greeley Gas Co. 
 Green Valley Ranch CO  5410  868  .61  Excel Energy 
 Greenwood Village CO  5422  827  .67  Excel Energy 
 Guadalupe  CO  7900  763  .60  Excel Energy 
 Gun Barrel Green CO  5192  874  .61  Excel Energy 
 Gunnison  CO  7703  751  .609  Excel Energy 
  
 Hanna   WY  6777  935  .65  Northern Gas Co. 
 Haxtun  CO  4028  858  .585  K N Energy 
 Hazeltine  CO  5080  837  .61  Excel Energy 
 Henderson  CO  5020  839  .67  Excel Energy 
 Hideaway Park CO  8800  734  .67  Excel Energy 
 Holyoke  CO  3746  866  .585  K N Energy 
 Holly   CO  3397  1010  .736  Greeley Gas Co. 
 Homelake  CO  7620  771  .60  Excel Energy 
 Hot Sulphur Spgs. CO  7670  764  .67  Excel Energy 
 Hygiene  CO  5090  878  .61  Excel Energy 
 Hudson  CO  5024  920  .664  Kinder Morgan 
 Hudson  WY  5094  820  .65  Northern Gas Co. 
 Hugo   CO  5046  780  .65  Peoples Gas Co. 
  
 Idaho Springs CO  7540  767  .67  Excel Energy 
 Idledale  CO  6460  797  .67  Excel Energy 
 Iliff   CO  3833  895  .657  K N Energy 
 Indian Hills   CO  6840  786  .67  Excel Energy 
  
 Johnstown  CO  4820  886  .61  Excel Energy 
 Julesburg  CO  3477  916  .602  K N Energy 
  
 Keystone  CO  9200  724  .67  Excel Energy 
 Kimball  NE  4800  877  .608  K N Energy 
 Kittredge  CO  6810  787  .67  Excel Energy 
 Kremmling  CO  7364  772  .67  Excel Energy 
 
 La Jara  CO  7602  771  .60  Excel Energy 
 La Junta  CO  4188  850  .69  Citizens Utility Co. 
 Lafayette  CO  5237  832  .67  Excel Energy 
 Lakewood  CO  5440  826  .67  Excel Energy 
 Lamar   CO  3622  1003  .736  Greeley Gas Co. 
 Lander  WY  5360  950  .60  Northern Gas Co. 
 La Porte  CO  5060  878  .61  Excel Energy 
 Laramie  WY  7165  820  .65  Northern Gas Co. 
 Las Animas  CO  3901  735  .62  Citizens Utility Co. 
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 CITY   STATE  ALT.  BTU/CFH SPECIFIC UTILITY CO. 
        @ ALT. GRAVITY____________________              
 Lawson  CO  8120  752  .67  Excel Energy 
 Leadville  CO  10,152 700  .67  Excel Energy 
 Leyden  CO  5650  820  .67  Excel Energy 
 Limon   CO  5366  840  .67  Peoples Gas Co. 
 Littleton  CO  5362  829  .67  Excel Energy 
 Lochbuie  CO  4980  881  .61  Excel Energy 
 Log Lane Village CO  4330  953  .67  Excel Energy 
 Longmont  CO  4974  881  .61  Excel Energy 
 Lookout Mountain CO  7374  772  .67  Excel Energy 
 Louisville  CO  5350  829  .67  Excel Energy 
 Louviers  CO  5680  819  .67  Excel Energy 
 Loveland  CO  4982  881  .67  Excel Energy 
 Lusk   WY  5015  863  .602  K N Energy 
 Lyons    CO  5473  869  .61  Excel Energy 
  
 Manassa  CO  7683  769  .60  Excel Energy 
 Manitou Springs CO  6412  807  .639  City of Colo. Spgs. 
 Mead   CO  5140  876  .61  Excel Energy 
 Meeker  CO  6242  850  .653  Greeley Gas Co. 
 Merino   CO  4035  994  .67  Excel Energy 
 Milliken  CO  4760  888  .61  Excel Energy 
 Minturn  CO  7817  820  .65  Excel Energy 
 Monte Vista  CO  7663  770  .60  Excel Energy 
 Montezuma  CO  10,280 696  .67  Excel Energy 
 Montrose  CO  5794  770  .683  Kinder Morgan 
 Monument  CO  6960  780  .65  Peoples Gas Co. 
 Morgan Heights CO  4330  953  .67  Excel Energy 
 Morrison  CO  5800  816  .67  Excel Energy 
 Mountain View CO  5385  828  .67  Excel Energy 
 Mt. Vernon  CO  7413  771  .67  Excel Energy 
  
 New Castle  CO  5550  905  .62  Excel Energy 
 New Castle  WY  4334  880  .62  Mont. Dakota Utility 
 Nederland  CO  8236  749  .67  Excel Energy 
 Niwot   CO  5090  828  .61  Excel Energy 
 Northglenn  CO  5460  826  .67  Excel Energy 
  
 Orchard Mesa CO  4650  882  .65  Excel Energy 
 Otis   CO  4335  890  .657  K N Energy 
 Ovid   CO  3521  820  .60  K N Energy 
  
 Pagosa Springs CO  7079  750  .65  Citizens Utility Co. 
 Palisade   CO  4727  880  .65  Excel Energy 
 Paoli   CO  3898  895  .657  K N Energy 
 Parachute  CO  5095  928  .62  Excel Energy 
 Parker   CO  5870  814  .67  Excel Energy 
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 CITY   STATE  ALT.  BTU/CFH SPECIFIC UTILITY CO. 
        @ALT.  GRAVITY    
 Parshall  CO  7560  767  .67  Excel Energy 
 Pavillion  WY  5690  860  .65  Northern Gas Co. 
 Pine   CO  6754  789  .67  Excel Energy 
 Pine Bluffs  WY  5050  879  .61  Cheyenne Light & Power 
 Pinedale  WY  7175  1550  LP/air  Western Utility 
 Platteville  CO  4820  901  .656  Greeley Gas Co. 
 Powell   WY  4365  940  .65  Wyoming Gas Co. 
 Pueblo   CO  4639  849  .67  Excel Energy 
  
 Rangley  CO  5250  960  .65  City of Rangley 
 Rawlins  WY  6755  835  .65  Northern Gas Co. 
 Red Cliff  CO  8150  735  .67  Excel Energy 
 Richfield  CO  7590  772  .60  Excel Energy 
 Rifle   CO  5345  911  .62  Excel Energy 
 Riverton  WY  4946  950  .60  Northern Gas Co. 
 Rock Springs  WY  6271  870  .60  Mt. Fuel Nt. Gas 
 Rocky Ford  CO  4178  740  .67  Citizens Utility Co. 
 Romeo  CO  7750  767  .60  Excel Energy 
 Russell Gulch  CO  9140  725  .67  Excel Energy 
  
 Saguache  CO  7697  769  .60  Excel Energy 
 Salida   CO  7036  777  .609  Greeley Gas Co. 
 Sanford  CO  7560  772  .60  Excel Energy 
 Saratoga  WY  6786  935  .65  Northern Gas Co. 
 Sargent  CO  7920  763  .60  Excel Energy 
 Scottsbluff  NE  4000  898  .602  K N Energy 
 Sedalia  CO  5860  814  .67  Excel Energy 
 Severance  CO  4890  884  .61  Excel Energy 
 Sheridan  CO  5307  830  .67  Excel Energy 
 Sheridan  WY  3745  860  .65  Mont. Dakota Utility 
 Shoshoni  WY  4820  940  .65  Northern Gas Co. 
 Sidney   NE  4000  898  .602  K N Energy 
 Silt   CO  5432  908  .62  Excel Energy 
 Silver Plume  CO  9118  726  .67  Excel Energy 
 Silverthorne  CO  8790  734  .67  Excel Energy 
 Sinclair  WY  6592  840  .65  Northern Gas Co. 
 Snowmass Village CO  8575  751  .640  Kinder Morgan 
 Springfield  CO  4365  943  .627  Greeley Gas Co. 
 Steamboat Spgs. CO  6687  837  .642  Greeley Gas Co. 
 Sterling  CO  3935  921  .65  Excel Energy 
 Stratton  CO  4414  880  .65  Peoples Gas Co. 
 Strasburg  CO  5380  840  .65  East Colo. Utility 
 Superior  CO  5512  824  .67  Excel Energy 
  
 Tabernash  CO  8320  746  .67  Excel Energy 
 Telluride  CO  8745  696  .595  Kinder Morgan 
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 CITY   STATE  ALT.  BTU/CFH SPECIFIC UTILITY                           
        @ALT.  GRAVITY                                          
 Thermopolis  WY  4326  885  .65  Wyoming Gas Co. 
 Thornton  CO  5400  831  .67  Excel Energy 
 Timnath  CO  4877  884  .61  Excel Energy 
 Torrington  WY  4104  895  .602  K N Energy 
 Trinidad  CO  5746  980  .65  K N Energy 
  
 Vail   CO  8150  810  .65  Excel Energy 
 Vineland  CO  4640  850  .67  Excel Energy 
  
 Walden  CO  8099  720  .67  Kinder Morgan 
 Walsenburg  CO  6220  747  .65  City of Walsenburg  
 Wah Keeney Park CO  7600  771  .67  Excel Energy 
 Weldona  CO  4340  953  .67  Excel Energy 
 Wellington  CO  5201  874  .61  Kinder Morgan 
 West Vail  CO  8000  814  .65  Excel Energy 
 Westminster  CO  5445  831  .67  Excel Energy 
 Wheat Ridge  CO  5445  826  .67  Excel Energy 
 Wheatland  WY  4733  872  .858  K N Energy 
 Widefield  CO  5730  820  .65  Peoples Gas Co. 
 Wiggins  CO  4540  895  .61  Excel Energy 
 Windsor  CO  4800  867  .61  Excel Energy 
 Winter Park  CO  9100  726  .67  Excel Energy 
 Woodland Park CO  8465  705  .65  Peoples Gas Co. 
 Worland   WY  4061  940  .65  Wyoming Gas. Co. 
 Wray   CO  3516  872  .595  K N Energy 
 
 Yuma   CO  4125  890  .657  K N Energy 
 
 
 
 PLEASE NOTE:  We have made every effort possible to ensure the accuracy of the data included, 
 however, Engineered Products Company and The Boiler House Journal cannot guarantee total 
 accuracy. 
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